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On the other hand, oxygen absorber generally consisting of powdered iron has been widely used to prevent the oxidative deterioration of foods with keeping their original flavor and freshness (6) . The oxygen absorber chemically removes moisture and oxygen in a gas barrier package such as a metal can, a glass bottle and a plastic film, and enables us to store various foods for longer than several months even at ambient temperature. In recent years, the oxygen absorber is more widely used in various fields covering medicines and cosmetics as well as foods.
In this study, to verify optimum storing conditions at ambient temperature for labile lipid materials, changes in the fatty acid compositions of test lipid samples preserved under various conditions, sealing with commercially available oxygen absorbers were examined. Here the fatty acid compositions in the lipid samples were analyzed by a newly developed gas chromatographic method, called thermally assisted hydrolysis and methylation gas chromatography (THM-GC) in the presence of trimethylsulfonium hydroxide [(CH 3 ) 3 SOH; TMSH]. It has been reported that this technique has proved to be an effective method for making rapid and precise determination of fatty acid compositions in oil samples including PUFA components without the need for tedious pretreatment (7, 8) . On the basis of the results obtained, a novel method for preserving biomaterials, without deterioration of the lipid components for a long period even at room temperature, was proposed. This technique enables easier transportation of the biomaterial samples at ambient temperature without using a freezing system.
Experimental 1 Materials
Tristearin, triolein, trilinolenin, triarachidin and triarachidonin supplied by Sigma Chem. Co. (St. Louis, MO, USA), and heptacosane for an internal standard supplied by Tokyo Kasei Kogyo, Co., Ltd. (Tokyo, Japan) were used as received. A mixed solution of the five kinds of triacylglycerols and the internal standard dissolved in chloroform at a concentration of 2 mg/mL each, was subjected to the preservation test followed by THM-GC measurement. Trimethylsulfonium hydroxide (TMSH) methanol solution (0.25 M) supplied by Fluka Chemie GmbH (Buchs, Switzerland) was used as the reagent for the on-line THM reaction.
Oxygen absorbers (Ageless Z-30PK ® , normal type for dry samples, 30 mL O 2 absorbing capacity under the atmospheric pressure) and gas-barrier plastic bags [poly(vinylidene chloride) coated nylon / polyethylene film bag, 14 cm 13 cm] supplied by Mitsubishi Gas Chemical Co., Inc (Tokyo, Japan) were used.
Lipid Sample Sealing Procedure
About 0.1 mL solution of the lipid sample in chloroform was taken into a small glass vial, and the lipid was deposited on the wall of the vial after vaporizing the solvent (chloroform). The vial was then put into the gas barrier plastic bag together with an O 2 absorber chip. The plastic bag was sealed up with a pair of snapping clips after squeezing the bag to remove as much of the inside air as possible. Thus prepared plastic bags were exposed to various preservation conditions. The procedures for preservation are described in detail in the "Results and Discussion" section. Finally, the vial was taken out of the plastic bag and the lipid in the vial was dissolved in 0.1 mL of chloroform for THM-GC measurement to evaluate its compositional changes.
3 THM-GC Measuring Conditions
The procedure for THM-GC measurement is basically the same as that described in our previous papers (7, 8) . A vertical microfurnace pyrolyzer (GP1018, Yanaco Analytical Instruments Co., Kyoto, Japan) was directly attached to a gas chromatograph (HP 5890; Hewlett Packard, Palo Alto, CA, USA) equipped with a flame ionization detector (FID). Chloroform solution (1 mL) of the lipid sample was taken into a small platinum sample cup. After the lipid mixture was deposited on the inner wall of the sample cup, 3 mL of TMSH solution was added to the cup. The sample cup containing the lipid sample and the reagent was positioned at the top of the pyrolyzer at about ambient temperature, and then dropped into the continuously heated center of the pyrolyzer set at 400 under the flow of helium carrier gas. The hydrolytical decomposition of the lipid at 400 is known to finish instantaneously in the presence of TMSH by accompanying methylation of the products with little thermal isomerization and/or cleavage except for the ester linkages (7, 8 
Preservation of Lipids with Oxygen Absorber
GC separation. The 50 mL/min carrier gas flow rate at the pyrolyzer was reduced to 1 mL/min at the capillary column by means of a splitter. The column temperature was programmed from 50 to 230 at the rate of 10 /min, and then held for 12 min at 230 . Figure 1 shows the chromatograms of the original lipid sample (a), the recovered sample from the plastic bag after preservation for 4 weeks in a refrigerator (approx. at 2 ) without using the oxygen absorber (b) and that with sealing with the oxygen absorber (c). In the chromatogram (a), stearic acid (C18:0), oleic acid (C18:1), linolenoic acid (C18:3), arachidic acid (C20:0) and arachidonic acid (C20:4) are clearly observed as their methyl esters. All the fatty acid components also appear in the chromatogram (c) with nearly the same peak intensities as those in the chromatogram (a) whereas the peaks for PUFAs such as linolenoic acid (C18:3) and arachidonic acid (C20:4) are almost absent from the chromatogram (b) probably due to their preferential oxidative decomposition. This shows that the PUFA components in the lipid samples can be kept almost unchanged during their preservation by sealing with an oxygen absorber at the refrigerator temperature about 2 .
Results and Discussion
Then the lipid preservation tests were performed at room temperature after sealing with the oxygen absorber. Figure 2 shows the relationship between the relative peak intensities of a PUFA component, arachidonic acid methyl ester (C20:4), observed in the chromatograms and the preservation periods in a carton box (dark) at room temperature (at approx. 25 ) (b) along with that for preservation in a refrigerator (at approx. 2 ) (a). Here the peak intensities were normalized with those per sample weight observed for the lipid sample before preservation. For the lipid samples preserved at room temperature (b), the relative peak intensities of C20:4 gradually decreased, while for those preserved at 2 , the corresponding peak intensities proved to be kept unchanged during 4 weeks storage (a). Basically the same tendency was also observed for C18:3. These observations suggest that autoxidation of the PUFA components of the lipid sample could be induced at room temperature by the trace amount of residual oxygen in the plastic bag even in the presence of the standard type oxygen absorber, which requires a certain period to make the oxygen content in the bag too low to start the autoxidation. Therefore, in order to preserve the lipid sample containing the PUFA components in the sealed bag together with the oxygen absorber at room temperature for a long time, some "pretreatment" at lower temperatures to decrease the oxygen content in the bag might be effective.
Here, to find the optimum "pretreatment" conditions, the following preservation tests were then performed with the same plastic bags containing the lipid sample and the oxygen absorber. lipid sample. Among these procedures, (a) and (b) included pretreatment for 7 days in a refrigerator (at approx. 2 ) (a) and in a freezer (at approx. 20 ) (b), respectively, followed by subsequent preservation in a carton box at room temperature. On the other hand, in procedure (c) the lipid sample was directly stored at room temperature without any pretreatment. The lipid samples thus preserved at room temperature for the given periods were subjected to the following THM-GC measurements. Figure 4 shows the change observed in the relative peak intensities of C20:4 for the lipid samples preserved at room temperature for various periods up to 4 weeks. As is also shown in Fig. 2 , the relative peak intensity of C20:4 drastically decreased with the passage of preservation time for direct storage without any pretreatment (Fig. 4(c) ). In contrast, after 7 days "pretreatment" in a refrigerator (Fig. 4(a) ), the observed peak intensity of C20:4 was almost unchanged throughout the preservation periods. Here it is interesting to notice that the peak intensities of the PUFA components for the samples pretreated for 7 days in a freezer (at approx. 20 ; Fig. 4(b) ) gradually decreased during the preservation at room temperature. Summarizing these observations, Fig. 5 shows a model of possible changes in the oxygen concentration in a given plastic bag containing the oxygen absorber during "pretreatment" to decrease the oxygen concentration, (a) in a freezer (at approx. 20 ) and (b) in a refrigerator (at approx. 2 ). The threshold oxygen level (C thr ) shown in the model is the lowest limit for starting autoxidation of the PUFA component at room temperature in the dark. In the case of the refrigerator "pretreatment" at ca. 2 , the residual oxygen concentration might decrease to below the threshold level within 7 days. On the other hand, at much lower temperature, about 20 , the residual oxygen content in the sealed bag should still be higher than C thr even after gen absorber and helpful discussions. This work was supported in part by the 21st Century COE Program "Nature-Guided Materials Processing" of the Ministry of Education, Culture, Sports, Science and Technology of Japan.
